In this work, it is presented the dynamics of infection of toxoplasmosis between two nearby communities. Diffusion via of oocysts is a drainage that crosses the study area located in the Caribbean Region of Colombia. The communities considered in the model are San Marcos and San Benito Abad, cities in the Department of Cesar; and the oocysts are transported by the San Jorge River. The model is built using System Dynamics (SD) and Geographic Information Systems (GIS), considering two populations: humans and cats. From these conditions, a model is created for each community. This allows us to study the dynamics of the epidemic occurring between two communities through a transfer mean. This instrument under construction is relevant in decision-making in health policies.
Introduction
The Toxoplasmosis Gondii (T. gondii) parasite goes through several states in its life cycle. One of these states is known as oocysts, present in the feces of a cat infected by the parasite. These oocysts can be carried by wind and transported by various means such as rivers and drains, traveling from one geographical location to another. Currently, the spread of epidemics caused by parasites is being heavily studied by several fields of science [1] [2] [3] . This work studies the propagation of epidemics between two locations using a hybrid model between System Dynamics (SD) and Geographic Information Systems (GIS), for that there are different levels of integration between GIS and (dynamic) models. In this study, it was used ''The low level linkage", which is characterized by the use of conversion programs and procedures, and data exchange between models and GIS using files [4] .
The methodology of SD provides information about system variables in the temporary domain. The strategy of linking methodologies for modeling, has been used to study epidemiological [5] , hydrological (watersheds) and environmental models [6] . Similarly, it has been used in problems of demand for urban land in metropolitan areas [7] , in participatory modeling of the impact of trees on the farm productivity and regional biodiversity on fragmented landscapes in Central America [8] , and to reflect the spatial distribution of air contaminated by traffic and the change in emissions [9] . The interest of this study is the spread of Toxoplasmosis in Colombia. T. gondii is a protozoan organism that affects humans under immunosuppression. As an example, consider the immunocompromised individuals such as AIDS patients [10] or those subject to organ transplant [11] . Furthermore, this parasite can eventually infect the fetus of pregnant women being this causal of high risk during the period of gestation [12] . Since the cat is a definitive host of Toxoplasma gondii, then it has been considered an important transmission vector in humans. Therefore, this vector has been used in mathematical models to study epidemics caused by this parasite [13] .
In a previous work [14] , SD was used to the study of toxoplasmosis. Four subpopulations were considered: men, women, cats and rats, in order to model a swine farm. This simulation was carried to study the impact of vaccination against toxoplasmosis in cats. The results of simulation concluded that vaccination in cats is not a significant factor to reduce the prevalence of toxoplasmosis in human population. One of the main applications of epidemiology is to contribute in the identification of geographical areas and communities with higher risk of disease, so these vulnerable areas require more attention of health promotion policies [15] . The advantages of using GIS are to obtain the spatial location of the studied variable, organization, updating of data and its graph representation [16] , the interaction between layers of spatial information and the application of simulation models. The PCRaster and QuantumGIS programs will be used throughout all the study.
Currently, there are free software and commercial programs that implement SD as Vensim SD [17] , Stella [18] , iThink. In turn, GIS can be implemented in programs such as gvsig [19] or sagagis [20] . Commercial programs incorporating GIS with SD are Simile [21] , Powersim Studio8 [22] , and among the free software programs, it is the PCRaster program developed by the University of Utrecht. The latter is free and can be downloaded at the site PCRaster Sourceforge [23] . The program PCRaster contains a SD module that can generate graphical output; these results are integrated and processed in the program GIS Quantum GIS [24] 
Methodology
Initially the model is built for a community considering the interaction of two human populations and cats, the latter being important in the dynamics of toxoplasmosis. The structure and sequence of results generated with PCRaster is presented in Figure 1 , this is due to a series of commands and instructions referred to in the script generating graphics that are displayed through the interface eagle, which is a module in PCRaster Figure 1 Methodology and development of the project in PCRaster.
Model
The model represents the spread of Toxoplasmosis in a community, for which a number of conditions are established taking into account particular characteristics of the area. As already mentioned, we considered two populations, the humans and the cat populations. To construct the levels data and flow diagram we rely on the causal diagram Figure 2 which was built by using previous works developed in [25] [26].
Hypothesis for a community
The human population is divided in three subpopulations:
S(t)
Susceptibles: Individuals of the population that could be infected with T. gondii. The parameters considered in the model are:
I(t)
1. βC,, γ, µC: transmission rates 2. d, dC: natural death rate 3. µ: birth rate 4. ε: death rate caused by T. gondii 5. p: probability of birth born without T. gondii 6. pC: probability that an infected cat give birth.
The cat population is given by:
The results of the model for a given area are presented Figure 2 . It is important to note that for each step (time unit) a map is generated. 
Model for two populations
The general outline of the hybrid model is shown in Figure 3 , where system dynamics can display the causal relationships of the spread of Toxoplasmosis gondii in each community, and between two communities through a transmission channel, in this case, the San Jorge River which acts as a transport of oocysts produced by the infected cats from the town of San Marcos to the town of San Benito Abad. At this point, GIS was used, which allows involving spatial elements in the dynamic simulation of epidemiology between two communities. The following set of equations corresponds to the system of ordinary differential equations for the toxoplasmosis transmission system model between two communities [27] 
The system of equations for the human and cat population of San Benito Abad Town are given as in (2) .
The system of equations for the human and cat population of San Marcos Town are given as in (2) The results presented in Table 1 show an increase of the infected subpopulation in the community of San Marcos during the first 30 days, assuming the existence of a susceptible subpopulation to be infected (day 0 = 0.5253) that decreases over time. In addition, the subpopulation of controlled humans shows a slight decrease during the first 40 days. On the other hand, in the community of San Benito Abad, a decrease in susceptible population is generated. Nevertheless, the infected and controlled populations increase, which shows the possible immediate attention to those who acquired the disease. The controlled subpopulation in the community of San Marcos presents no relevant decrease during the last 10 days. This demonstrates that the disease is still present, which will generate a cycle of infection if not stopped in time.
Conclusions
According to the model results, the focus of the disease in its initial state is essential, during and after diagnosis and treatment. The disease continues appearing in the city of San Marcos, even after transported to another community, demonstrating that these diseases should be treated through cooperative mechanisms between communities. Attention should not only be given to those affected; but also strategies should continuously be implemented to reduce the potential for others from catching the disease. In addition to these measures of attention to the people, it is important to provide a fairly healthy environment which is free of possible modes of transmission and transportation of the disease. In this case, it can be implemented mechanisms that make the community aware about water consumption and direct attention to the subpopulation of cats.
The implementation of the hybrid model of toxoplasmosis, with methodologies SD-GIS, focused on the display of an epidemic over time and their behavior in geographical and environmental conditions. In this case, a river was a mean of propagation between the two communities. This allows taking steps in the direction of building a tool to perform risk assessments to communities, in order to strengthen prevention with changes in risk management policies for a region through government, national or local agencies.
